Introduction
NPC risk was associated with a wood-related occupations i.e. furniture and cabinet-making (IARC, 1987) . This then led to occupational wood dust exposure as being one of the most highly suspected factors in the development of NPC. A subsequent cohort study revealed a significant increase in the standardized mortality ratio of exposed wood dust workers at 5.3 folds (95%CI=1.7-12.4, n=5) (IARC, 1995) . Some other cohort studies found very small numbers of cases at the end of the follow-up periods, which called into question whether wood-related workers were at an increased risk for NPC or not (Innos et al., 2000; Siew et al., 2012) . Some case-control studies showed significant associations between wood dust exposure and NPC (Armstrong et al., 2000; Hildesheim et al., 2001) ; however, other studies found no associations (Vaughan, 2000) . In 2011, an IARC monograph concluded that wood dust strongly caused cancer of nasal cavities and paranasal sinuses, but the association with NPC was weak, due to the limited numbers of studies, particularly, those specifying histological type (IARC, 2012) .
In Thailand, located in Southeast Asia, 37% of the land area is covered by tropical forests (Royal Forest Department, 2000) , with wood being a major raw material for various industries. A large amount of wood dust is generated through these processes such as cutting, drilling, assembling and finishing. It is estimated that 226,060 Thai workers are routinely exposed to wood dust (Ekpanyaskul et al., 2008) . Previous reports of risk factors for NPC in the Thai population showed an association between wood dust and NPC (Ekburanawat et al., 2010) . However, those reports limited the exposure assessment to self-evaluation and may be subject to information bias. Exposure assessment still remains problematic in epidemiological investigations to identify the etiology of disease. Therefore, the objective of this study was to develop a semi-quantitative exposure assessment method and then utilize it to reevaluate the link between occupational exposure to wood dust and the development of NPC, and to examine variations in risk by histology. These results can serve a critical role in occupational cancer prevention and control, and this exposure assessment method could be used in other epidemiological studies to identify the causes of occupational cancer. Then, by controlling the working environment to reduce or eliminate cancer risks, this disease can be prevented.
Materials and Methods

Study population
This study is one part of the Thai NPC risk factor project, which was approved by the ethical review committee for research in human subjects at the National Cancer Institute, Thailand. The methodology has been described in elsewhere (Ekburanawat et al., 2010) . In brief, the design of this project was a 1:1 matched casecontrol study conducted at the National Cancer Institute in Bangkok and 5 regional cancer centers. Cases were all new incident NPC patients, recruited at their first visit to the center and histologically diagnosed during the period of 2007-2009. Controls were randomly selected from healthy persons who visited non NPC patient admitted to the same center. 327 cases (participation rate 99.6%) and 327 controls (participation rate 99.0%) were recruited in the same study period matched by age, gender and center. The distribution of the 327 cases by major histological type was as follows: undifferentiated cell type or WHO type 3 =237 cases (72.5%), non-keratinizing cell type or WHO type 2=79 cases (24.2%) and squamous cell type or WHO type 1/ unknown=11 cases (3.3%).
Data collection
Informed consent was obtained from all participants. Face to face interviews were done by trained nurse interviewers. The same questionnaires were used for both groups without knowing the case-control status. Data of age, gender, address, race, religion, marital status, educational level, tobacco smoking, alcohol intake, betel nut chewing, salted fish consumption, family history of NPC in first degree relatives and complete detailed occupational histories were gathered via interviews. Blood tests for EBV latent infection were also done. The result of personal and behavioral risk factors was reported in a previous report (Ekburanawat et al., 2010) . For all cases, diagnosis dates and pathological results were collected from treatment documents.
Exposure assessment
This study was utilized the semi-quantitative exposure assessment method. Participants were asked to report all occupations they had held for more than 1 year, for each occupation specifying; job titles, duration of work, name of the workplace, type and size of workplace, duties and job description, and daily activities and time for doing each activity. In addition, data were collected from each participant's workplace about the machines, tools, chemicals used, ventilation, personal protective equipment used, and self reported exposure.
Occupational histories in questionnaires of all participants were sent to evaluate potential exposure to wood dust on a job-by-job basis by 3 experts in Thailand who had previously conducted research in industrial hygiene or related fields (A.T., N.S. and T.R.). Questionnaires were reviewed and assessed without knowing the case-control status. All occupations were assessed for exposure to wood dust or not. If considered "exposed", an expert will assess three aspects of exposure: i) probability, ii) frequency and iii) intensity. The exposure assessment was conducted using the coder manual from the Epilymph study (Mannetje, 2001) . Each index of exposure was presented in a three-step scale. The criteria for the (1) probability, (2) frequency, and (3) intensity of exposure were as follows, respectively: possible exposure, probable exposure, and definite exposure; low frequency with exposure 1-5% of working time, moderate frequency with exposure 6-30% of working time, and high frequency with exposure >30% of working time; and low intensity with exposure to 0.02-1 mg/m 3 of total dust, moderate intensity with exposure to >1-10 mg/m 3 of total dust, and high intensity with exposure to >10 mg/m 3 of total dust. For participants who were exposed to wood dust in more than 1 occupation, the highest score for each aspect of exposure was used for analysis. The reliability of expert Asian Pacific Journal of Cancer Prevention, Vol 16, 2015 4341 DOI:http://dx.doi.org/10.7314/APJCP.2015.16.10.4339 Semi-quantitative Exposure Assessment of Occupational Exposure to Wood Dust and Nasopharyngeal Cancer Risk assessment in each dimension was as follows: confidence intraclass correlation (ICC)=0.79 (95%CI=0.77-0.81), frequency ICC=0.71(95%CI=0.69-0.73), and intensity ICC =0.76 (95%CI=0.74-0.78). Finally, the three experts discussed and scored each job by consensus of the group. The results of the expert assessment were used to analyze the association between wood dust and NPC.
Statistical analyses
All statistical analysis in this study was performed with SPSS, version 21.0(IBM/SPSS Inc).The descriptive data were presented with the number, percentage, and ratio for categorical data, and the mean with standard deviation for continuous data. The difference between the characteristics of the cases and controls was assessed by a chi-square test or Fisher's exact test. The level of statistical significance is p-value <0.05. All occupations were grouped and coded according to the International Standard Classification of Occupations, using the revised edition of 1968 (ISCO 1968) . The association between wood dust exposure and NPC was assessed by conditional logistic regression for crude odds ratio (ORs) and then adjusted for confounders. 95% confidence intervals (95%CI) were used to determine statistical significance (Chan, 2005) . Because > 90% of the cases were seropositive for anti-EBV antibodies measured, and EBV is considered by many to be a necessary risk factor for the development of NPC (Jia et al., 2012) , the effect EBV seropositivity on risks associated with occupational exposure was not included in the model. Finally, this study was selected educational level, smoking status, and alcohol intake adjust in the final model for regression analysis.
Results
The mean age of the cases was 48.3±12.7 years while the mean age of the controls was 47.9±12.5 years. The ratio of male to female was 3:1. More than 90% of the case and control participants were Buddhists of Thai ethnicity. Three-fourths of both case and control participants were married. Participants in cases (86.5%) had statistically significant higher education than in the control (70.3%) with p value<0.001. 37.9% of case and 26.0% of control participants were current smokers. 25.1% of the case and 19.0% of the control participants were ex-smokers. More than 50% of the subjects had a history of alcohol intake. 35.5% of the case and 42.5% of the control participants were current alcohol drinkers. 25.1% of the case and 12.8% of control participants had stopped drinking. Both the proportion of smoke exposure and alcohol intake were statistically different between the case and the control groups (p value<0.001) while other factors were not statistically different.
Occupational data were available for all cases and controls. In all, 654 subjects (327 cases and 327 controls) reported for total of 1,216 occupations (647 occupations from cases and 569 occupations from controls). The average number of jobs was 1.86 per participant (1.98 per case and 1.74 per control). Of these, 108 jobs (8.9% of total jobs) from 99 subjects (15.1% of total subjects) were assessed by experts as having been exposed to wood dust.
The top three wood related occupations as classified by the ISCO 1968 in case and control group who expert evaluate as wood dust exposure were carpenter (21.9% / 22.7%), construction worker (18.8% /18.2%), and cabinetmaker (15.6% / 9.1%), respectively.
The association between occupational exposure to wood dust and NPC as presented by the adjusted odds ratios are shows in table 1. Participants who were "ever exposed" to wood dust were not at increased risk for NPC (ORs=1.61, 95%CI 0.99-2.59), , but it was relevant types 2 and 3 NPC (ORs=1.68, 95%CI 1.03-2.74). The significant association was stronger for those exposed to wood dust for ≥10 years (ORs=2.26, 95%CI 1.10-4.63). Participants who were first exposed to wood dust at early age (< 25 years) show no significant association, but firsttime exposure at age 25 years or older showed a significant association with type 2 and 3 NPC (ORs=2.07, 95%CI 1.08-3.94), as well as for all subjects (ORs=1.94, 95%CI 1.03-3.65). A latency of exposure for more than 10 years also shows a non-significant association with an increased risk of type 2 and 3 NPC (ORs=1.71, 95%CI 0.99-2.96). The assessment of probability of exposure shows results of significant association in definite probability groups (ORs=1.88, 95%CI 1.10-3.24). The frequency aspect shows a significant association in moderate frequency, exposed 6-30% of working time with ORs=3.02(95%CI 1.27-7.19) for type 2 and 3 NPC and ORs=2.73(95%CI 1.20-6.23) for all subjects. There was no association of an increased risk of NPC in high and moderate intensity of exposure groups, but there were only 2 cases and 1 control in the high intensity of exposure group. Individuals with more than the median of cumulative exposure (≥ 70 intense years of exposure) had a ORs of 2.17(95%CI 1.03-4.53) compared to unexposed people.
Discussion
Dust particles from wood occur frequently in the Thai occupational environment, and the number of wood-processing industries has been increasing over the past decade due to socioeconomic growth. Controversy exists over whether or not occupational exposure to wood dust increases risk for respiratory cancers. There are a few studies in Asian countries regarding the risk of NPC by wood dust exposure, where the majority of raw material and wood product are come from hard wood. Presently, workers' compensation in Thailand considers wood dust related cancer as an occupational cancer; in other words, workers should be compensated monetarily (Ekpanyaskul et al., 2008) . The objective in this study was to develop an expert a semi-quantitative exposure assessment method that could be used to reevaluate the link between the occupational exposure to wood dust and the development of NPC, and to examine variations in risk by histological type. In this study, complete occupational histories were obtained by trained interviewers and exposure assessments were carried out by 3 experts. The study found quite different risk factor profiles for NPC by histological type. Potential occupational exposure to wood dust was associated with the risk of nonkeratinizing and undifferentated carcinoma (ORs=1.68, 95%CI 1.03-2.74), but it seems unrelated with keratinizing squamous cell carcinoma. The result is consistent with those from a casecontrol study conducted in Taiwan in which most cases were diagnosed as nonkertanizing and undifferentiated carcinomas (Hildesheim et al., 2001; Yang et al., 2005) . They also found that individuals who had a long duration of exposure (≥10 years) or had first been exposed to wood dust before the age of 25 years had a higher risk of NPC compared with the unexposed group. In our study, a significantly increased risk of types 2 and 3 NPC for those exposed ≥10 years was found (ORs=2.26, 95%CI 1.10-4.63); however, an increased risk was observed among those who had first been exposed to wood dust after the age of 25 years (ORs 2.07, 95%CI 1.08-3.94). (ORs=2.10, 95%CI 1.10-4.00). These results support the hypothesis NPC may be related to the occupational exposure of wood dust.
A basic hypothesis is that high intensity exposure to wood dust is believed to represent a key aspect of wood dust carcinogenesis. In our study, surprisingly, this high intensity of exposure was not associated with NPC risk. The inconsistent results may be due to the small numbers of subjects in this group. However, we did find an increased risk among people with cumulative exposure of ≥70 intensity-years. Similarly, the results from the previous study in Taiwan found that risks were highest in the high intensity (multiply with duration) type of exposure (Hildesheim et al., 2001) .
Currently, the mechanism of wood dust and NPC is still not clear. Most discussion on carcinogenesis was focused on inflammation process. (IARC, 2012) . The nasopharynx could trap dust particles in the inspired air, then, causing to mechanical irritation, inflammation, which increased cell proliferation and transformation in respiratory tract system. (Liorente et al., 2008) . Other mechanisms also have been proposed such as repairing of sublethal damage and inducing apoptosis (Cui et al., 2012) or interleukin-18 promoter -607C>A polymorphism contributes to nasopharyngeal carcinoma risk: evidence from a meta-analysis including 1,886 subjects (Guo and Xia, 2013) . The type of wood dust (soft wood or hard wood) was considered to be one of the factors related to wood dust carcinogenesis (IARC, 2012) . The literature review in the exposure assessment suggests that experts are influenced by some of the same factors as subjects, that is, sensory perceptions affect judgment, and estimates are easier for board class of hazards like wood dust than for a specific type of wood. The role of the type of wood dust is still controversial in epidemiological studies. In the present study as well as many others, the data of occupational histories come only from an interview, with most of the participants unable to identify the type of wood dust to which they were exposed. In Thailand, for the past 20 years, the major type of wood found in forests and used in industry has been primarily hard woods such as teak and rosewood. Nevertheless, exposure to soft wood dust cannot be ruled out. Chemical substances in wood or wood preservatives that frequently appear with wood dust such as formaldehyde, chlorophenols, potassium dichromate, fungus toxins and (1-->3)-beta-D-glucans still remain unclear as well. The recent synthesis data by the IARC working group would likely be inversely associated with these agents as well (IARC, 2012) .
Underreporting occupational cancer is still problematic in many countries. In case-control studies suitable to identify its association, the problem remains of exposure assessment case control study. Due to the lack of any kind of exposure database, self-reports and semi-quantitative assessment by expert estimates of exposure are frequently used to measure exposure levels as the basis of an evaluation. The results obtained by self-reporting from individuals also showed that exposure to wood dust was associated with an increased risk of NPC. The quality of the information of self-reported exposure indicates that, although subjects can reliably and accurately report exposure under certain circumstances, it is also possible for subjects to provide exposure data of such low quality that exposure effect relations will be observed or even reversed in direction. Semi-quantitative exposure assessment by expert assessment is a strategy that can optimize the exposure estimation method. The evidence to date on expert assessment supports the belief that experts are better able to estimate exposure than study subjects (Yang et al., 2005) . This use of this method has been increasing by experts such as industrial hygienists to infer exposure from job histories or estimate it based on a review of all subject's reported information. However, this method still has some handicap. Experts may not be familiar with certain jobs, industries, or the conditions present in the worksite or estimated depend on detail on subject reported. The limitations of expert assessment are still the critical factors in understanding the exposure, not intimate knowledge of the work activity. Factors related to exposure that are easy to answer such as task and raw material also increase the detail and accuracy of experts' exposure estimate. Asking about the health problems of a subject or colleague enhances the expert's recall and makes it easier to make an exposure estimate. The number of experts also matters. Using two or more experts to find a consensus regarding wood dust exposure increases the validity of the measurement.
Several limitations should be considered in interpreting these results. First, exposure assessments to wood dust in this study were based on the professional judgment of experts. No actual measurement of wood dust was done. Therefore a tendency to misclassify the exposure still remains. In this study, our experts assessed exposure without knowing the case-control status and other relevant data of participants, except for occupational histories. For avoided the short-term exposure, the study was conducted over the longer-term exposure, at least one year. Therefore, if an exposure misclassification occurred it tended to be a non-differential misclassification instead of a differential misclassification. Because non-differential misclassifications will more likely lead to a hypothesis summary toward the null than rather than away from the null (Delgado-Rodriguez and Llorca, 2004) , the association of wood dust exposure and NPC found in this study was less likely to come from an exposure misclassification bias. By means of this research design limitation, we showed that our visiting controls were not significantly different from the cases in many general conditions such as age, gender, race, religion, marital status and center visited. The results of matching with age and gender make the controls more likely to be similar to cases. For occupational data, our controls served to randomly recruit cancer centers visitors who were likely to be working persons more than unemployed care-givers. The proportion of lifetime unemployed participants in the control (3.1%) was nearly comparable with the cases (3.4%). For all of these reasons, the controls in this study were suitable enough to be compared with the cases.
The strengths of this study are the large number of cases and controls, and that fact that complete and detailed occupational histories were collected from 654 subjects with a response rate of >99%. Newly diagnosed cases were used to minimize recall bias. The determinant of exposure in this study was superior to the previous report method. The questionnaire of this study was constructed from previous occupational cancer epidemiological studies to guide the formulation of questions and interpretation of responses leading to the identification of determinants of exposure and improving the validity of exposure-level. These data were also calculated for intensity, frequency, and duration of wood dust exposure based on occupational history data, which had more information than previous reports. Assessments by experts almost always rely on self reports as the starting point, utilizing subject exposure reports to gather information on work tasks and conditions. The result of the semi-quantitative exposure assessment by expert assessment method confirms the association between wood dust and NPC, but had more information and found a higher strength of association than the selfreport method.
In conclusion, the semi-quantitative exposure assessment by expert assessment is a suitable way to occupational exposure assessment in case-control studies. The improved performance and techniques in the questionnaire such as factors related to exposure and indentifying determinant of exposure are useful. This study reveals that occupational exposure to wood dust is likely to be associated with an increased risk of NPC. A high score of cumulative exposure was also shown to present a significantly increased risk. These results support the hypothesis that wood dust may increase risk factors of NPC among the Thai population, where the major histologic types are nonkeratinizing and undifferentiated carcinoma. However, assessing the chemical properties and the plausible effects of the complex exposure at work are needed to further understand carcinogenesis as the result of exposure to wood dust. Routine hygiene measurements and improving the exposure database are useful to further identify the etiology of cancer.
